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et al. 2018）。しかし，CH-CL 混合戦略は繁殖成功
度を高めるとする研究もあれば（Zhang et al. 2018），
種子の分散距離が短い閉鎖花の生産は近親間の競争
を助長し，個体の生存と繁殖成功度を減少させると









うである（Diaz and Macnair 1998）。しかし，
CH-CL 混合戦略を行う植物種が具体的にどのよう
な環境条件で閉鎖花を生産するのかはよくわかって
いない（Koontz et al. 2016）。閉鎖花生産をしない
スミレ属草本は日光・栄養・花粉媒介者といった資
源が容易に得られる環境に生育することが報告され
ているが（Culley and Klooster 2007），未だ研究の余
地を残す。
スミレ属は世界に 600 種ほど存在する多年草また

















J. Rakuno Gakuen Univ., 45 (1)：43～49 (2021)
1) 農食環境学群環境共生学類環境植物学研究室
































































eralized linear mixed model, GLMM）を用いたモデ
ル選択により調べた。総花数，開放花数，閉鎖花数
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Fig. 1 Photographs of leaves (a), chasmogamous flower (b), and cleistogamous flower (c) in Viola




















全ての統計解析には R Version 3.31（R Core
Team 2018）を用いた。一般化線形混合モデルによ
る回帰にはRの lme4 パッケージ（Bates et al. 2015）
の glmer 関数を用いた。glmer 関数において fam-
ily には poisson を指定した。一般化線形モデルに
よる回帰では，総花数，開放花数，閉鎖花数を従属
変数とする場合には family に poisson を指定し，閉
鎖花の割合，露岩率を従属変数とする場合には
family に binomial を指定した。ただし，family を
poisson に指定したときに overdispersion があった
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Fig. 2 Numbers of total (a), cleistogamous (b), and
chasmogamous flowers (c) per plant in V.
ssachalinensis var. alpina on May and June 2019
at Mt. Apoi. Boxes and bars show means and
standard errors. Asterisks indicate that the
calendar month was significant parameter (**; P＜
0.01, ***; P＜0.001) in the model selection.
く，後に減少することを示唆している。アメリカ（ミ
ネソタ州，オンタリオ州東部の森林）に生育するス
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Fig. 4 Relationship between number of leaves per plant
and proportion of cleistogamous to total flowers
per plant in V. sacchalinensis var. alpina. The
regression curve was drawn based on general-
ized linear model. Solid lines denote that the
independent variable (“no. leaves”) was signifi-
cant (P＜0.05) in the model selection.
Fig. 3 Relationships between number of leaves per
plant and number of total (a), cleistogamous (b),
and chasmogamous flowers (c) per plant in V.
sacchalinensis var. alpina at Mt. Apoi. The
regression curves were based on generalized
linear model. Solid lines denote that the independ-
ent variable (“no. leaves”) was significant (P＜
0.05) for each model selection. Dashed line
denotes that the independent variable was
marginally significant (P＜0.10).
Fig. 5 Relationship between altitude and the number of
leaves per plant (a) and proportion of bared rock
area around plant (b) in V. sacchalinensis var.
alpina at Mt. Apoi. Solid lines denote that the
independent variable (“altitude”) was significant
(P＜0.05) in the model selection.
（Diaz and Macnair 1998）。V. pubescens は林冠の形
成による日照量の低下に反応して開放花生産を中止
し閉鎖花のみを生産し始めることが報告されている











属の V. sororia やカリフォルニア州に生育するミ
ゾホオズキ属草本のMimulus nasutus でも報告され
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Viola sacchalinensis var. alpina, an endemic Japanese violet, produces both chasmogamous and cleistogamous
flowers. We aimed to determine factors affecting the production of cleistogamous flowers in this species on Mt.
Apoi, Hokkaido, Japan. Of the total number of flowers produced by an individual, a greater number of
chasmogamous flowers were produced in May relative to June, when cleistogamous flowers made up a greater
proportion. Therefore, anthesis likely peaks in May for V. sacchalinensis var. alpina, and cleistogamous flowers are
produced after most of the chasmogamous flowers have bloomed. The number of chasmogamous and
cleistogamous flowers per plant increased with increasing leaf number, but the proportion of cleistogamous
flowers decreased with leaf number. This suggests that large plants tend to produce more flowers overall, but
fewer cleistogamous flowers. Plants growing in relatively mild environmental conditions allocated more resources
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to outbreeding than those in less favourable conditions. Leaf number per plant increased with elevation, indicating
that this species may perform best in high-elevation alpine vegetation areas. Finally, we found a positive
correlation between elevation and bare rock cover around individuals, which may be a key finding for
understanding the habitat preferences of V. sacchalinensis var. alpina.
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